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(54) mmo^m FRT<Dmm&^mw:^m 

(57) [^|(^] 

I d s^y-h • y-^PpisjEvg s(Dmm (1) 

ffiS::^^^:^^^^^ gm (2) ^WtHL. 1 /^^ I d s 
(3) ^1*^^ (6) (C^faL. ^COMt (n/m) 



Rs ' Rch 



Rd 




1 

— ^V^^^^^^ has^T-c^F ETCOiil^iJigfei (Rs) 

y—:^Win& (vg ) ( i d 

±IB K t/^ vmco^:;^m<Z)iS&^ (1 I d s ) _h 
-r-S 1/gm' =Rs + l/{2^ (K - Ids) } t 

^(D\i;Kmw(om)^^mm^ (rs) 

F E T (DS?IJ}g}jLS»:^Sfeo 

-5: 5/^ ^v-^^ has^-eoF ET69ii:^ijffiiTL (r s ) 

FETcoB^Mco{£ffl^{4^T{-*5V^rftay^:^i/c^^- h • 
y";:^P«1®i± (V g s ' ) {c>(^-r6 K iz-Y >m^ic ( I d 

_hfE K >'m^(D^Jjm. I d s ) <h C CO K >- 
Ids/gm' ) ti^mt-r^^ I d s X gm' =K 

^(Didzmwc<Dim^-h^^mm (rs) ^^#-r^^ 

±fB K i--r (v^ I d s ) ^ h • 

y-;^rp^sj± (vgs' ) t<Dmi^cmmmm^^^^^^m 

X(i 2 lEttcO F E T <7>ii:^J®4rL^a»;^fc 
[fS*3S4] FET^O<>^^- h®1ia:T^^^#:^i^/^>- 
bSI^FEToO KU-r V-S^lXf^ y — ^«®<ir 

^1^^ ^ h§|5^-C(^FETCDEJU}£^rL^SI*-r 

FET^DR^f^CD^^^^^^T^^iBV^TffPJ^tLfcy- h • 
y-;^P«1^EE (Vg ) f^>?f-r6 Ki--^ v-m^fE ( I d 



(^) #r?^¥7 - 2 0 2 2 1 9 

±15 K >'®S!L(0^:&mcOiSfr^ ( 1 //■ Ids) i ± 
-C 1 ^M^t::iafi^-r 5 7^ :y ^ . 

y-::^mm}± (Vg s' ) {zMir^ K i-^f ( I d 

20 

}L^wm.^mz.^m^Mz.wm'f-^\z.m-5\^x^-K^ 

±!5 K i/-r >'ffl;?)K(^¥;^ffit7:>iS?#: ( 1 ids) ^ i: 
istas^:/^^^ v;^Oa^#: (i/gm' ) ' t\z.^^x 

^w^mf^-mm^%.^. ±t5y-h • y-y^Win.)± (v 

g s ' ) i: K l-'Y ^^mM (Ids) co^:^ffi ^^^?F^M 

30 m%\ikmw^(Dm)^'^m^\mKt\^xWA%^^^'ry-f 

^^A.-e^5tt7>-efe6r.i:^#ifi:<^^t-§FET(^ 

[ft 6 ] jiiE 1 i^m%.<^m,^t^^^ ^ v-^ 

(K) ^^#-r^;^7^:y>^^^A>-ej5Sc^4>cO-Cfc6 
r <h 5 t*5l?::S 4 Xf^ 5 sE«c<^ F E T tOfi^iJS 

[0001] 

MU/c. ^(jx-^v-a :y h^-y- HFET^L<tiME 
S (y • ir^33>^^^'^^) F ET(7)B:^iJffi5L^^# 

[0 0 0 2] 

[t^S^cojg^] ME S FETf^iSig:et^^^B^s±f:i^-v 

^friUrSi, GaAs, I n P/^^';0^fflV>f>tt6o 
5^ Yyiy'y^^\xmWBLXimmTMif^^^^mz. 



3 

[0 0 0 3] '^zn— ^^l^S^x^^-f if^-:fev^•r 
{cx<>x^'^^^Mmt^:h(ox^^^^h. 

[0 0 0 4] «^iJx.f^ME S FETc?:>a:^iJ}g;&i^^i!^^ti^ 

#(IEEE TRANSACTION E 
LECTRON DEVICES ED32), 987 

— 9 9 2H, 1 9 8 5^{c:fESc$tt-CV^6 t>t7);5Sfo^, 

■^fc. m~<^^W:t LTWx.f^T^ • >r r - • 

-7^-^35 #(IEEE TRANSACTIO 
N ELECTRON DEVICES ED35) 1 
241 — 1245 H, 198 8 ^fCfEffi ^ ttTV ^ 5 t> CO 

^ o 

[0 0 0 5] 

1 co:;^^-efiME S F ETcoy^— Vt^hy — :^\^ Ki-'-r 

vm^sft I d s J: 19 ti^^/^y— hm»ft I g ^^jftL. m.n 

ffiinRs, Rd-e^^-ramJBE^y-:^ • Ki-'^vrp^® 

ffv d s (Dmtt \^xt bx.. hmsic I g y-:^ 

- Kl/-r V-r^lMffV d s (7:>^^.;d^^R s +R c h/2, 
R s 4-R d + R c h ^*a6^o ^ ^ tC R c h F E T 
^-Y^>/uffi}n"Cfoi9 . Rs, R d ^*:i657ti6fcfi^ij(^ 
i'J^^^TorR c h ^^^il^.^;6Sfe6o -^C0 7t^6^iy^;6^ 

mm\z.f£^t^^^ox^.i)^^-^fco ^fc. :L(Djjmxi:x± 

NSSfc I g V^5>il^<^ME S FETOO 

^ffl^f*<t F E T J: 19 

K cDfgffl f:i i£ V ^ ^{4= xm\ 6 /-c ^ . K^U^Jn R 

^Kitmm(Dmmm}±^i'¥(OK s , r d ;6^pj^r-#?i^v> 



(3) ^§B3p7 - 2 0 2 2 1 9 

60 ±fSot,(^t;i^M£;:)^{if^^rfe<i: ury- h • y- 

m^^'rfj:t>ib<^4:^- K^ttt^ffliJ^Lria^iJigfeiR s ^ 

[0 0 0 6] ±fE^ 2 ^-h^ftLg 

7(7 0^?i5ME S F ET(0::d*:/}g;}nR o n ^iliJ^LT. ^ 
- hSL g{r>ctLT:^>'ffifeiR o n^Xu h bT-^rCO 
^>i-;O^^R s +Rd^*:d6^o tt^iJR s ^ R d;^^^LV^ 
ME S F E TT^f^f^^oo 1 /2 ^ LTR s , Rd;^^*^ 

Kt/-r ^-rs^miiv d s^^2 omvm&x\ Ki^-rvssc 

I d s^^J(^t/ut'm.ri^j:^^^i^XW\'^'i-^<DX. ^<co 

m^(DM E S F E T (Dmm^i^ tmt^^tmo Pp^H/^^ fo 

[0 O 0 7] Wl^^mWzl.^ FET 

i-^? CD-^^— h • y — JXPh^SH V g s <ir K U-^ I d s CO 

M^^S'J^■rti^^^^5DF ETCOE^iJjgjnR s 

6^f^. ii^cOME S F ETCO^^^^#-r/^^D^V g s < 
0. 7 [V] , V d s > V g s - V t h 5^fP^*S 

-ecoffi^fjs^R s r t r^x^ ^mm^mm-r^ 

r^tcfo^o *:^0JcOMf:i!^)JcDg^ti. (w 
g) ;OS:^c#v^:^'^t:it^#^^iJ/^^W^i£i.^^i^-f. C*" 

ftT'Bi^ijR s ^^i^^z.t^^x^^&m^mm-r^:it 
[0 0 0 8] :^^m(Dmmmmc^(Dm(D^^t^M^^ 

[0 0 0 9] 

^?^c»9-^f-t«W?tefcto<^«l?^^^{c:tftP^-ri^fi'Tte 

[0010] 9c-rm.mi&tji^m^m»'r^timzm^'t 

^mm^^^m^^^<o FETtOVg s I d sCO^>^ 

40 -r^n^oi — X ir;^y T> K 7^^::^:y^;^28^ 
(IEEE TRANSACTION ON MICR 
OWAVE THEORY AND TECHNIQU 
ES MTT2 8) 4 4 8 — 4 5 6M, 1 9 8 8 ^{CfS 

Ids=/3 (1+;L-Vds) X (Vgs-Vth)2 

Xtanh (a-Vds) ( 1 ) . 

Vgs-Vgs' -Rs • Ids (2) . 

Vds=Vds' - (Rs+Rd) XI ds 

(3) . 

50 tm^t^^o r^t^ivgs' , vds' {t.m\'&^<o^m 



5 

19. Vgs, Vd s fiXt4<OFET (iE^iJffifeiRs, R 

;^ - lymmj^x-h^o ±is^ (1) (omm^v Q 

l/gm' =dVgs'/dIds=Rs + l/{2>r 
(K • Ids) } + a' + A' (4) , 

t^ti^o -hia^ (4) iciov>-c. 

a' =a (Rs+Rd) /V^K • s i n h (a • V d s 

/2) . 

X' =A (Rs4-Rd)/2/"K (1+A-Vds) 
^^tv5o ii^a' , X' fiia?n^«T*R s (D5%«T 
i:/J>^ < 6c7)-C^ (4) a. 

=R s + 1/ { 2>r (K • Ids) } 

(5) . 

(D^Oi^mm^X^ ±IS^ (5) fC:JoV^T 

K^^ (1+X-Vds) tanh (a-Vds) Xh 

^fc. ±|E^ (5) fi. 

/"Ids/gm' =R s/" I d s + l/2v^K 

(6) . 

[0011] ( 5 ) i . 1 i d s 

[0012] ±fB^ ( 6 ) @ -rttfi\ ^ I d s (;i>?j- 

LTVlds/gm' M.T#^;h.^i^*Mi6: 

^i^M^t^iSfflL. -^oMti^-^y-^^Itt^ijJgfeiR 

[0 0 13] ±a!(7:>^ (5) x^^ti^mm^mm\^x 
FKT(Dmm^t7i^mn^^:^m^m i {cm-^i^-^xm.m 

^M't::-tti:< FRT<Dmmm^mMK.ltMR S FET 

:=^Fb1®JE) <0. 7 [V] , Vd s (y--x . Ku^v 
r^lfll/i) >Vgs-Vth (ME S F ETCOU#lMB^ 
JS) (DJ:otf:m^m^XW\'^\^fc¥ET(D>^^—h - y- 
^F«im/EVgs' f^>?f-t-6 Ku-r v-ttgg I d s 

(1) ^^V^rtSS^V:^^^^^ gm' (2) 

Jlfstf-ayT'-^^^s<5\/^r±fsKl^-r>^sg^I d s 
c7)^:^tS(^i^^ 1 /v^ I d s ^ . -^tL(c>pfi-5_hfStes 

=3>'>5^:^^>-;=^ gm' cr)3?^l/gm' ^ ^^#^^0 
^LT. ±1S1/V^I d s .i:±fai/gm' t^^mt 
1/gm' =Rs + l/{27^ (K- Ids) } t 

i:±fei/gm' t\^^-:>x^m.'^m^j:mikmm o.) 

±tetS5::='>'^^>5^>';=^ gm' (2) i)-m:kt ^tl 
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h • y-y;rp1«ffi (4) {c^]^;Lr#^ti^ 
:/mSfci^TtOBff^(7:) Ku^^^m»Eto®[S (5) xink 
(6) tcififa-^5o Si^l^kM^ (6) co^K-^it 
^'JlgfeiR s <bi-5o S:^c. ±ISl^feH^co{S#n/m;6^ 

/h2^ffi^^ijffli-^^<^;i^-e#^o ±fsi^>cMm---coje 

f£l(7)^llti. ±fEl/v^ I d s t±fEl/gm' t\Z.X. 

-^x^m-^mtrnd^mw^. • y-;:^ramH 

(Vgs' ) K u-r V-mSSS (Ids) cOW-^i^ t 

10 ¥^m%\^^^m'^(^^±(r>^-v ' y-:^mnm^nst^ 

©iaT'i^gi^fci5fai-5Ms<h^ffi-efc5o -r^cCt? 
Bff^(^y-b • y-:^Wim&<Dmmh\^^ ±Mr \ 

d s h • y-;^rflmi£v g s' ^oor^ltc^^F^M^ 

[0 0 14] ±fs^ (6) T-^^tv^ilS^^iJffli-^:^ 

-tfSV I d s i:/* I d s/gm' t ^^^iri-^ 
V^Ids/gm' =R s I d s + 1 /2^K^ 

%^m^-r^ 1 B^f^t^^y- h • y-:^mm& 

20 (DmmxWi^V.. ^co l&MmoMt^^^H^imJnR s 
[0015] 

[f^ffl] ±fELfc^©tCj:ttt^\ FETc^y-h • y- 
^P«1tti±Vgs' ^ KU^ I d s ^(O^^^PJ^ 

i^tcy- hSc7)^/<t^FETt7);^->^S5L^i'J^i-^ J: 5 

S FETt7){£ffl^f4:r*S'J^U/^cV g s' I d s c^-T-'— 

J^? TtR s (;5ffi/i^#^;h>5o y- h*S:^f^fC5>^^^^/c/^V^ 
KU-r V^Sft I d s ^fflV^TR s ^%)^'^^(DX^— Y 
tif^ctb-flELv^R s cofiS:6q#bix6o 
[0016] 

^^nir-yf-lO. X — ^:/n-fe'>'iM 0(^:<r^l-'— 

^ttfcROMl 1 , X — >^:/nir -/iM QCDV — i^^^i^ 
40 ^L< fiX"^c^-mSti^l^^ ^tb^RAMl 2. ^ 
^tSltS^g?:?^*<^ffla3f51SS^ei 3. ^^S^gi 4f::>^ 

U^:/ y hf(D\atimW 1 6 t Vt^ h:<DXil 

0^1 Bts:Ht^iyy^'rM.y<:^ l 9 fci^^^ttTl^^^;^ 

-So i^i^f-^^ti^iy^xi^ti. F ETcT^y— hs^ii: 
To^^f*:^«;^^e)Sf^F E Tco Ku-f vmnxf^y — 

5-^? 2Xfiffia3f5lS$IBl 3fitfilJ>Et^FETcr)y- h • y 



V 

[0017] HSfCfty^-^T'n-fe^yf-l Ot^Ty — ^ 

^m^)iSfi_hiE^ (5) x7jk^ri^wM^mmi-^h<D 

Ibf^T^ n ^ ^ {;i J: o T ^ 5 X - ^ ^H^^ 

[0 0 18] ^j^rm^mijiR s ^^i^^^^c^^^co^in^p 

hSO. 3/zmOODC (Doped Channel) 
— HIG (Hetero — Structure Ins 
ulated Gate) FET^^tlSo ^f^FET 
fi. #^^a[^S^tb^c^V^/i^ ^^^^ LTG a A s ^fflV^ 
/cn^-V ^^^^/l-^-e^ (9 m 1 fC^^tb^ct 5 /^ME S F 

G a A sMigc(^±f-y V >^C7)A 1 G a A s M^^^^JF^ 
[0019] ±n^:^y^ yy'S 1 X^H I G F ET(D^^-' 

h ' y-:^mmj±v g s' tc^-r^ ku-t i d s 
E T mm ^ thrc^mi^mm\^^ ^ i^- ^ -y^±.{zm 

fS^^thfcTEG (Test Element Grou 
t-t^^Ul GFRT coy —::^m®. Kl^-T^SI^. R 
fi. H I GFET(>0|li^^t^ffi^rjx.fi*Vg s (^^— h • 

y—>^T^m.J£) <o. 7v, vds (y— • Ki-'-f> 

TpIUJE) >Vgs-Vth (H I GFET<^L#VMt^ 
JE) (7)J; 5 ^'ce^^PMi^r-ay^L/cH I GF ET<?5y- h 

• ;^rHimJEVg s' t^>cti-6 Ku-f >m»fL I d s 

[0 0 2 0] mA.\Z.\^^(Dn I GFETCOy — h • y — 
;^rHimJ±Vgs' fC>?f LTSy^ L/C KU>r >^?)i£ I d s 

^^^^tL^o te^»2 ofii+sy^*-^f-J:or#^tt6v 
gs' I d s <^coM#.^^f o 2 m^:K:=^:yyi^ 
^v^^gm' ^^-To tS5:=i>^''^^>':^ gm' fi^fi: 

^5^^^5v^fiay^B#c7)</- h . y-;^rflmi±vg s' co 

Pp1Ri;5^+5>/h^tt^f^M5>fCj;oTgm' =A I d s/ 



(5) ^pip7 - 2 0 2 2 1 9 

S 

— ;^PHimJ[£Vg s' (?:>rBlRifii 0mV-t:fo»9 . 0ij;if^;^ 

r-yZfS 2{C^V^Xit. ^ji^\^^oX^:S.^l^^^ ^ 
;^BEgm' ;^s^a^^tL5o El'f 2 2 fl V g s ' t 

S'c:^^ vgs' mt(D 

my\ti^^(D¥i I GFETtDU^V^M^JEV tht ^tl 
.60 

[0 0 2 1] ;^'X:y:/S 3 tC:}ol^Tfi. ±.Ut\:m'f—^ 

^cS-^v^T JiiH K w-Y y^mis^ I d s co^^iscoi^ifc 1 / 
m' c^ij?mi/gm' t^m^^fi^o mstc^ottattii 

2 Sfil/^ I d s {;i>Pj-Lr 1/gm' ^rn-/hLT 
#f>tl.^tt^-e^^o CcDtt^2 3fi±IE^ (5) 
iSS^n. JlfSl/V" I d s <h±fSl/gm' <i:^^^<h 

gs' t v\^^ i^m^i d s\^m^'r^^^hxh^o 

[0022] ;^y^>^y'S 4 "Cf^. Ji|Bft^2 ST^^^tb 

S:^^:^: h • y-^rs^miE (ll4covi) 

/SbT#?5ti^ Ki/^v-S^fc^TcoBff^cof&ffl-eiricM 

mt-ififfl-r^o -r^^^b-^. ^-riEi4T-a:;^2 2 ^:7^ 0/ 
VI (0. 3 8V) Kmn-r^o ^t^fi. iistis^v 

V W^mn-t^cDtmmx^ho ftt-. IEl4f::ioV^T® 
i±V 1 2 0 O xtiV (D^m\h\^nJt-'^ti^(0 Kt^-Y V 

«^cot5[s{r^g-r'5<h. ^<Dm.m\^±R.r (25) - 

^ (40) [mA] t-^th^o m^l^^^^X^ i^FLl/ 
r (25) --1/^ (40) [mA] cl:^i^^ft^23 

60 ^^-r :y^'<>'^"'^;fbfc:ii:|^f^2 4 (Cj:oT:^^n 

5o ct7)ii:i^2 4f^ft^2 st^^-r^ iftM^i: ur- 

[0 0 2 3] S 5 tCjoV^Tf^. ±fSii:^ 2 4 

Tf^^tt^ J: i^^^toM#^-^r:F>^>5^^>^y';^^^ 
K/^s?S»^n. . ^>i';0-f.y-;^ii:^iJ}£j?CR s;6s^Sff^ 

ti.6o Rd^:lov^rt>y-;^^ Ku-r>^Atx#x.Tv 

g tC^Ur I d s ^ffl^L. f^^iCLTti<i:^6* 
t^X^^. 

[0 0 2 4] El 5 fC7j^^tL5 J: 5f-l/^ I d s \zn't 
6 1/gm' (7:):/n :y h;i^ft|ifC/^ofc»fia:^IJ}g}j[R 

s fcfty- h • y-^Ps^mjEv g s' fc>ct'r5<S#ttco 

(5) f:i:m^{-tAL7t^;^^^. Rs (V g s ' ) 

c7:»vgs' »#ti^t^§*c7>;^y^}g6i^y^-r#^n/cl£m 
5^ .^^f^^-To t^^t^oj^ySfitay^i^t^y-^ • Ki^-^y 
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[0 0 2 5] [Il7tr:(iay^L/cgm' tUMmX'J^isbti 

/:igm^ R s fi:. KttF E T(7:> g g m o ^ ^ . 
gm=gmo/ (1 + gmo-Rs) 

ll8{:i^$H6*^:^^J^fe-C5Ki;:)fcR s i:M^L/cg 

[0 0 2 6] !l]9tcf^R s t 1/Wg (y— h*!) COM 

/£j;5f-. R s i: l/Wgf^it^?*JM^{c:fof9. Wgf^J: 
[0 0 2 7 ] _hfH^Sg^!liist (5) tc^s ur;^^'>:7^ 

S 3 -^S 5 ^limLTV^^;^^. (6) td^^tu^. 
^Ids/gm' -R s I d s + 1 /2/"K 

LT^Ids/gm' ^:/n :y h Lr#^ti5 J: 5 Tiig 

±fs^^- h • y";^raSJE (vgs' ) ^Ki^-Yvs^ 
(Ids) (7:>¥;^«<^;0^»ff$K#{cfe^^J|cc7)g^co^^ 

[0 0 2 8] ^/cm, _hlE^ (1) . (2) . ( 3 ) 

Rs = {Vgs' -Vth -i' ( I d s/K) } / I d 
s 

[0 0 2 9] iiS. {b'&^*^f*:FET(75LtV^®JEV 
t h t:ifiV d s ^-^^t^^ ^ . 
Vth=Vtho-7Vds 
tm.^:Lhi)-x^^. CCO:^^±fE^ (5) 
1/gm' =Rs+7 (Rs+Rd) +1/27^ (K - 
Ids) 

^/<^6o y fiH I GF ETCO^"— hS^S;ES;JE. Vd 
s <:0®i^{C J;o-C^:b^cor% m^^^xTRs' = 
Rs+y (R s +Rd)^aj^L. y fC^-r^ft#i4^^ 
^)Rs, Rd^*is65^<h;^5-c#^o U;6-L. #f::^'- 



(6) 4#§^¥7 - 2 0 2 2 1 9 
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tp. y (Rs+Rd) co^f^ K^-r VX*(Ofl:JEP*T-efc 
^y (Rs+Rd) I d s CD^m^t LrmaiJ^nfci:% 
;t^tL^or\ Rs' ^gm' i:>it/S;-:5Jt^ix^ll^&?I 

[0 0 3 0] ^J.^if-^m^\Z.^r>Xfi:^Mz.^m^Um 

7^? [0 0 3 1 ] «;tft\ HJS^J^ Ur^ft^-g^^^^frH I G 
FETfCilfflLfcfi^il^^Ufc;^^. r t>(7:^ 
T'Jl?'^<]il^<7:)ME S FET-^S i MOSFET/^if 

M^-Cfbf^-r5FETtd3l^L7t^yT'fo6;6^ j[i:^«JtC 
fl^t&fP^«c{dt:)ilffl^l^r*fei9 . I d s (DW-^m^n 
LTv^Ids/gm' ^■T'n :y h b/dtitOfr 2^i^±0 
i^^ft^^v^^r-^ V-^'L. ^(D\l!K(D^(D^Wit\^X 
V -:^UnmKR s ^*i66*^^5T-^5o 
[0 0 3 2] 

20 \mn(09hm if-mz.^'^^xm7y^^^^^m<nb^\x^ 
mfs:^mz.^^x%h^^9m'^mw\zMWi^ri\^'r%^ 

[0 0 3 3] -r/^^^-b. F ETcoy— h • y—y^Wim£ 
ET(Dffi^^{4=TiiJ^L/cy- h • y-:^rB^mj±i: Ki- 

\m\ \ FETt^iE^ijffi^R s 

[1112] if^w^^(D-m^m\z.^.^^^9-^mtmm^^^ 

[1^3] ii:^ij}gsn:^*i66?s»^^(^-i^y^^r:7u- 

[Ig]4] y- hy-;^M:iEVg s' tc^-r^ Ki^-r 
gSi d s ^7?a^i^S:^^-^i^f::£o%^T^g»^tLyctS5:=^ 

[US] 1//" I d s {c^E^-r^ i/gm' (75fsr^^^-r 
mmmx^^^ 

[me] V g s - V t h ^c^-r^ai^uigstR s iolSf^^ 

[0 7] aij^^*;^-f.#btt/cgm' ^t^^3^^£-e*i6/:: 
50 [HIS] SiJ^^m^ii^b^f^tLfcgm' ^*iS0iJ^ftT-* 
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